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neotropical semiarid reservoir, before and after the removal of the exotic species Oreochromis niloticus. This study is necessary to understand how introduced species influence the use of food items by trophic groups of fish in a semiarid region. Therefore, the results obtained will be useful in studies on the ecological roles of exotic species in semiarid aquatic ecosystems.
Materials and Methods

Study area and sampling
The study was conducted at the Estação Ecológica do Seridó (ESEC-Seridó), a permanent preservation area, belonging to the Brazilian Institute of Environment and Renewable Natural Resources (IBAMA). The ESEC reservoir has 1166 ha and it is located in the municipality of Serra Negra do Norte, south of Rio Grande do Norte state (6° 35'S, 37° 20' W) , in one of the driest regions of the semiarid northeastern Brazil, denominated regionally as Seridó (Figure 1 ).
Samples were collected monthly from May 2012 to November 2013. Before the biomanipulation experiment, nine collections were performed (May 2012 to January 2013) and after that, eight collections. (April to November 2013). In each month, the fish were captured using two batteries, with 11 fishing nets each, with meshes varying between 12 mm and 70 mm, distance between adjacent nodes, with heights ranging from 1.20 m to 2.70 m and length of 50 m, distributed between the entrance and dam environments (Figure 1 ). Capture proceeded for a period of 12 hours with two fish removal: twilight and dawn. In addition, information on the following abiotic
Introduction
The introduction of exotic species may contribute to negative environmental changes, which is considered as a threat to the conservation of biological diversity (Pyšek & Richardson, 2010) and one of the major problems in the conservation of freshwater fish (Cucherousset et al., 2012) .
The Nile tilapia (Oreochromis niloticus Linnaeus, 1758), for example, has been causing changes in aquatic environments (Attayde et al., 2007; . For being a rustic species, it tolerates a wide variation of abiotic parameters, such as temperature, ammonia, dissolved oxygen, and shows a high reproductive rate (Kolar & Lodge, 2002) . These characteristics, combined with general eating habits (Attayde et al., 2007) and aggressive and territorial behavior, favor the competition for environmental resources, which can drastically alter the local biota (Barreto et al, 2011) , explaining in parts its invading potential (Kolar & Lodge, 2002) .
Results of the introduction range from the simple establishment of an introduced population to the complete community dominance, which may include, among several effects, reduction of native species population or even local extinctions (Agostinho et al., 2003) . In environments with extreme temperature conditions and water shortages, it is possible that some species present changes in their eating behavior, mainly due to changes in the availability of food resources and the species plasticity in order to explore new resources.
Considering the hypothesis that exotic species can modify the eating habits of ichthyofauna in the ecosystem, the objective of this study was to evaluate the impact of a biomanipulation experiment on the feeding habits of the ichthyofauna species from a The fish were transported to the laboratory where they were identified at the species level, according to specialized bibliography (Rosa et al., 2003) . Then, they were submitted to biometrics, which generated data referring to the standard and total lengths (mm) and the total weight (g). The stomachs or intestines were removed, fixed in 10% formaldehyde and conditioned in 70% alcohol for later analysis. For stomachs removed the degree of stomach repletion was visually estimated, in a scale that can vary from 0 to 3 (Braga, 1999) .
Only those species with stomachs with a degree of stomach filling greater than 1 are used for the study of feeding. For Loricariidae, whose gut is used for the study of the diet, the analysis was made from the content present in the anterior portion of the lumen, which corresponds to 10% of the total length of the intestine (Peretti & Andrian, 2004; Oliveira et al., 2016) .
Analysis of stomach contents
After the stomach contents of some species (and the intestinal contents of the Loricariidae family specimens) were removed, they were analyzed under a stereoscopic and optical microscope, and the items were identified to the lowest possible taxonomic level using specialized literature: (McCafferty, 1981; Needham & Needham, 1982; Merritt & Cummins, 1996; Bicudo & Menezes, 2006) .
The volume of the items was obtained through the liquid displacement in a graduated cylinder or through a millimeter plate (transformed in ml) (Hellawel & Abel, 1971) . For Prochilodontidae and Loricariidae the total volume of the food content was obtained, which was suspended in 70% alcohol and part of the solution removed was investigated under a microscopic slide. For each individual, three slides were verified, and their items, after identification, were estimated visually in percentage. The percentages associated with the total volume correspond to the volume of the item. (Peretti & Andrian, 2004; Oliveira et al., 2016) . Then, occurrence and volume frequencies, whose association gave rise to the calculation of Feeding Index (IAi) (Kawakami & Vazzoler, 1980) , were calculated (Zavala-Camin, 1996) in percentage: IAi = Fo. Fv / Σ (Fo Fv) x 100. Where: IAi = index of alimentary importance; Fo = frequency of occurrence; Fv = volumetric frequency.
Data analysis
In order to evaluate the food similarity among the species and establish the trophic categories, the IAi values of each species, before and after the biomanipulation experiment, were used in two matrices of similarity using the Morisita-Horn index, through the Non-Hierarchical Aggregate analysis based on the UPGMA method. Afterwards, the similarity matrix was compared with a cophenetic matrix in order to evaluate the consistency of the clustering pattern, and values close to the unit indicate better representation (Cruz & Carneiro, 2003) .
In order to verify if the biomanipulation influences the trophic structure, the volume value of the alimentary items of each species was used in a similarity matrix, using the Bray-Curtis similarity coefficient. The results of each procedure were used in a Non-Metric Multidimensional Scaling (NMDS) analysis to evaluate the utilization of food resources of the species before and after removal. In order to verify variations in the diet of the species, Permutational Multivariate Analysis of Variance (PERMANOVA) were performed using the Bray-Curtis similarity index.
Canonical Correspondence Analysis (CCA) was used to evaluate whether the environmental variables in the diet were influenced by the environmental and species Alimentary Index data (IAi) determined in each sample, the significance of the axes was tested through Monte Carlo simulation (with 9999 permutations). Statistical analysis was performed using PAST statistical software (Paleontological Statistic), version 3.14. (Hammer et al., 2017) .
Results
The Estação Ecológica do Seridó presented a characteristic seasonal variation of the semiarid region, with irregular precipitations. With respect to some physical-chemical variables of water, it is generally a basic pH environment, dissolved oxygen with values often below 7 mg/L and temperature fluctuating around 26 °C to 29 °C. The temperature and turbidity were proportional to the rainfall, being the highest values in the rainy season (Figure 2) .
A total of 2,084 individuals were collected (1,200 before and 884 after tilapia removal), of which a total of 846 stomachs had their contents analyzed. The captured fish were distributed in six species belonging to six families and three orders, five being native species and one exotic (Table 1) .
Other species were captured during the study: Cichlassoma orientale Kullander, 1983, Leporinus elongatus Valenciennes, 1850, and Leporinus taeniatus Lütken, 1875, but those showing a small number of individuals (less than 10) were not considered for the stomach contents' analysis. The order with the largest number of species was Characiformes, with four native species; the order Siluriformes presented only one native species and the order Perciformes only one exotic species of the family Cichlidae. Among the families found, are Prochilodontidae, Erytrinidae, Characidae, Anostomidae and Loricariidae with only one representation of each species and the family Cichlidae with one exotic species.
In general, the diet of the species was composed of nine items, which presented different origins: animal, vegetable, dendrites and sediments. The ones originated from animal resources consisted of Insects (Diptera, Ephemeroptera, Hymenoptera, Plecoptera, Lepidoptera and remains of unidentified insects); Fish (whole, fishbones or scales); Shrimp (whole or parts); Zooplankton (Protozoa and Microcrustaceans); Other invertebrates, represented by groups of invertebrates that demonstrated low values of IAi (mollusks, annelids, arachnids).
The vegetable items included plant debris, seeds, and Phytoplankton (Cyanophyceae, Bacillariophyta, Chlorophyceae, Zygnematophyceae). It were also described, detritus (organic material at different stages of decomposition) and sediment (fine and particulate material constituted mainly by inorganic matter -sand or silt). Finally, digested plant or animal material (resources that were not possible to identify in the other categories due the advanced degree of digestion).
Data from the Feeding Index (IAI) of the species, before and after removal of tilapia, showed that species did not change their eating habits, although the prevalence of some items decreased, with low consumption values of vegetal items, fish, and insects being observed for some species after the biomanipulation process (Table 2) .
Data from the Feeding Index (IAi) of the species, before and after the biomanipulation, were used for the analysis of food similarity, being the species framed in four trophic categories that did not show variation in the groups formed between the two periods studied (Figure 3) .
The species of each trophic category showed consumption of one or more dominant alimentary items, with three species classified as detritivorous/iliophagous (O. niloticus, P. brevis and H. cf. paparie), for presenting in their diet a predominance of detritus/sediment, phytoplankton and zooplankton; one as omnivorous (L. piau), for showing a consumption of items of animal and plant origin in a reasonably distributed form; one as insectivorous (A. bimaculatus), for consuming mainly insects; and one species as piscivora (H. gr. malabaricus), for having a fish predominating diet. There were variations in the use of food resources of the species studied before and after tilapia removal (Figure 4 ).
There was a change in the diet composition of Astyanax bimaculatus after the event of exotic species removal (NMDS stress: 0.25; PERMANOVA p = 0.0001), mainly with the variation from a diet composed of Ephemeroptera order insects, to Diptera (Table 2) . Leporinus piau also showed changes in the diet (NMDS stress: 0.55; PERMANOVA p = 0.0001), although it presented as omnivorous, prior to the removal event it utilized mainly animal resources and, after the removal, it showed a preference for vegetal resources. (Table 2 ). Fish was the preferred item in the Hoplias gr. malabaricus diet before and after removal, however this species also ingested some accidental items such as vegetables, insects and other invertebrates in a small quantity (NMDS stress: 0.08, PERMANOVA p = 0.0001) ( Table 2 ). There were changes in the Hypostomus cf. paparie diet (NMDS stress: 0.15, PERMANOVA p = 0.0001), with an increase in algae, sediment and detritus consumption after tilapia removal (Table 2) . Prochilodus brevis also had alterations in diet 7 The impact of a biomanipulation experiment… (NMDS stress: 0.21, PERMANOVA p = 0.0001), consuming more protozoa after removal ( Table 2) .
The Canonic Correspondence Analysis (CCA, Figure 5 ) indicated a low association between the monthly Feeding Index (IAi) data of the species and the environmental variables for the months of sample collecting, with the consumption of food resources being determinant in the individuals distribution over the months, therefore, environmental variables do not influence the type of items consumed by the species (Table 3) .
Discussion
The results of this research have shown that the introduction of the exotic species Oreochromis niloticus, at the Seridó Ecological Station (ESEC-RN) weir, influenced changes in the diet of some species of the ichthyofauna. Some studies show that the introduction of O. niloticus alters the composition of the native ichthyofauna, and it compromises local artisanal fishing (Attayde et al., 2011; Novaes & Carvalho, 2011) .
Tilapia, being an exotic species, combined with its generalist eating habit (Attayde et al., 2007) and aggressive and territorial behavior, favors its competition for environmental resources, which can drastically alter the local biota (Barreto et al., 2011) , partly explaining its invading potential (Kolar & Lodge, 2002) . Changes in the native species trophic guilds were expected, but according to the Food Similarity Index, the number of guilds did not vary during the studied period. Abelha et al. (2001) in a review on food plasticity showed that the feeding of the ichthyofauna can undergo spatial and temporal changes, considering that different places and periods have different abiotic conditions, but this change in the alimentary spectrum does not imply changes in the ecological function of the species. Thus, our results corroborate with the assembly rule proposed by Fox (1987) and Fox & Brown (1993) , which is based on functional groups and suggest that new species added to communities tend to fill existing functional groups.
From the obtained results, we observed that the species studied in the ESEC, explored, in different ways, the food items before and after the tilapia withdrawal without modifying the trophic groups present. The predominance of insectivorous species in the analyzed environments can be attributed to the fact that several species of insects do not have very strong environmental restrictions. In the case of the species Astyanax bimaculatus, there was a replacement of insects from Ephemeroptera order for insects of the order Diptera, after the removal of tilapia. In the case of the species Hypostomus cf papariae, there was an increase in the consumption of algae after the removal of tilapia. This fact may have occurred due to the decrease in water turbidity after the removal of the exotic species. The availability of underwater light is a key factor in the regulation of phytoplankton dynamics (Zohary & Ostrovsky, 2011) . Costa et al. (2016) , on his research, performed at the ESEC Lake, noticed an immediate increase of phytoplankton after the fish removal. Abelha et al. (2001) state that fish feeding may undergo temporal changes, but this modification in the food spectrum does not imply changes in the ecological function of the species. Thus, in general, the food sources of their environment can be divided with other species, being the intensity of negative impacts dependent on biotic and abiotic factors, since there may be coexistence between native and exotic species, if certain specific conditions are met (Ribeiro & Leunda, 2012) .
The Canonical Correspondence Analysis evidenced a low association between the data from Alimentary Index (IAi) of the species and environmental variables, corroborating the hypothesis of the research, which affirms that the introduction of the exotic species influences the diet of the local ichthyofauna.
The process of biomanipulation in the reservoir of the Estação Ecológica de Serra Negra aiming to compare the diets of five native species before and after the removal of the exotic species Oreochromis niloticus resulted in diet composition changing in three of the five species studied: Astianax bimaculatus, Leporinus piau and Hypostomus paparie and did not influence the diet composition of the two other species: Hoplias malabaricus and Prochilodus brevis. 
